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222 RAINBOW BOULLVARD NORTH, BCX 7583, RIAGARA FALLS, N\ YORK 14302 PHONE (716) 278-7000

September 4, 1930

Documment Control Office

Chemical Inforaation Division
Office of Toxic Shstances (WIt-557)
Enwironzental Protection Agency

401 M Street, S.W.

wrshington, D.C. 20460

RE> »TSCA §3(e) Submission of Infeormation on the p
%genicity of Bcnzotrichloride,
Benzoyl Chloride

essible Carcin-
p~Ch!orobanzquichlorida and

Dear.Sir:.. . S : "

’ 1
Attached are four Japanese articles and their English translations
that describe toxicity studies on three compounds: benzotrichloride
(CAS #98--07-7), P-chlorobenzotrichloride (Cas ¢ 5216-25-1), and
- benzoyl chloride (CAs # 98-88-4). Also attached is a sumnary of the
« - 4 Lzdverse - effects reported, said Suniary  prepared by - p. 0, Nees,
R CUrpdraté'deicologist, Hooker Chiomiecal Company. :

‘This information, although published, is

’]_‘requi}ewents of TSCA §8(e¢) as described in the FPA Statement of
'ggisiglggation and ;Epfprqgﬂgng POJ[CXi Nuljfigizion of“fEJEEEEE%fET
Risk Section VI'(1) siice wa donid nit Tiod reference to the articles
thro?éhvthq abstract services listed in Section VII(a). - : w il

heing reported under the

.FurthEr"”tokicﬁldgical Iaformation” on the cempounds  may ‘bq!:qp}aipeg "
from~P. 0. Rees, DVM, (716) 278-7414. Tuformation on the production
5nd;ﬁ$e of the cowmpounds may be obtained from D. J. Boundy, Prohict
- Acceptability Manaper, Specialtyv;Chemicql Division (716) 278-7288..
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HOOKER CHEMTCAT COMPANY
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- July 15, 1930
TO: J. Boundy .
S. Gelfand
SURJFCT: Japanese Studies on Benzotrichloride,

_E:Ehlgiqggnzotrichloride and Benzoxl“gblgiigg

The studies which were recently translated from Japanese were of two
types, oralﬁwiintubation) and inhalatfon. The one dinhalation study was
previeously reported (Study v in my prievious revicws),

Inhalation Studies 4 .
. -e - Tt e _ :
Looking first at the inhalation work, both studies Pxpose animals in a
-chamber, twice a week for 30 minutes Per exposure. OQOne study exposed 5
months and one- stndy for 12 wonths.,  In both cases, benzoyl chloride and’
benzotrichloride were tested in similar maamer. In all cases, chemical
Vapors were generated by drawing air through a flask containing a small
volume of the test compound. . )
The study reports indicate nrposure levels of benzotrichloride were 6.8 and
1.6 ppm and werce even throughout . the exposure period. Considéring the

- rather crude £3s . generating apparatus and failure to mention ‘any flow

hour day, 5 days a waek e,

- rontrol apparatus,’ the levels of. chemicals in the chamb=rs must be Ui 5—

_tidned even though the 1.6 Ppm level was supposedly determinedrby GLC anal-
yses. | | B | o N

.7,-' . : . ‘- ' ] -' [N . ‘..-._.-- - - "
“The expagure levels definitely caused inflamwatory response in” the “yes--

piratory tract. Thig may be essential to the developmant of turors. To

. determine i1f the benzotrichloride is a clemical carcinogen and not sﬁnply an
JArritant, testing should be conducted at sub-irritant ’levels.=! Time of

erpasure could be Increased to provide a similar weekly total dose. The

~Infrequent eéxposure for a clort Period results in a very low dose per waek,

One could cuspare to 1.6 pyim, 30 ninntes Meroday, 2 times a week to an 8
pesnie at 0.04 sy, T
The vesults are similar in the two studies.,  The generation by the system at
oo toujaorature or At 50°C did not secnm to eke any dilfercence in tumor
Incidencrs although caposures appeared 1o couse carlier rortality wvhen 50°C
3 used 1o ponarota the vopors, - T wenld suspect loevel wvag enaugh greater
to cause {lae Preveer ity of JuFlrcratory Fesponse 1o duerveiue to a ceritical
level, Frgmidless, there w3 high dncidence of lung tuwors.  The reports
dcfﬁnitnly use the targ "ecancec" or "cnncurous? ta yefer to thc‘totnlAbonjgn
20l alignant turors., Stnee tliere 75 a0 centrol data for the inhalation

Hhelies, aa Caenot Cotoerinine ot tha real dueiisan Ve background s,
e iy A T nzoyl LR RTDEE s PN (;--;:::-_:“-'-;.-.v, this T . st Tve (1 ta) shews e Y
b ‘- - . - v ] . . D .

el 03 g Y of .1,":1;.; ELEARNT I STRRPTPR I AR N T N ) 14 vvnths, This

AR R I
Laild Ve g veosenalle, possibly low, T.ved Packeronnd of Trng 1dors in mice
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occurrence in thevcontrol.grnup. j

CoseTan frvag

from ay own experience. The only other "control™ data we have on mice in
Japan are from the ral administration studies described below. *The
Incidence of spontaneous lung tumors in these mice is extremaly low.

There is significant mention of the "leukemia" or "lymphoma't response.
Again, in many, if not most strains of mice, this is a Common spontaneous
lesion. Also the pattern of occurrence (early in the study) 1s typical of
the spontaneous lyaphomas, Pussibly viral in origin, To evaluate the
lymphoma incidence . one needs to Inow the caging arrangement. Mice are
generally caged Jn groups of 5 or 10 per cage and the lymphonas frequently
occurred in one or two c3ges and 2pparently spread fiyom one mouse to another
until nearly the entire cage of animals had died of leukemia. I would
discount the leukemia 2s spontaneous and not treatment related until there
was positive results from a much nore thorough and well designed study.

The skin tumdts in the inhalation study also appear to be spontaneous or
irritation related, sgain, there 1s no way to evaluate without good control
data. In the oral feeding data, . there does not appear to be any skin
effects | from . j@nzotrjchloride while p—chlorobenzotrichloride: shows a
positive response in the high level group and no evidence of spontaneous

Qral Intvbation
‘

The two studies, one ‘on benzotrich]oride_and on2 on p-chlorcbenzotrichloride
are ncarly jdentical in their procedure and results. In both cases there
vas a dose response for both stamach and Inng cancer. The stomach cancer
was again related to ¢vidence of chronie irritation of the stomach c¢pithe-
livm.  Again irritation may be an essential element of " the carcinogenic
response, -Although there is a conwent that "keratinous proliferation" was
animals that did not develop tumors, it is not clear
bearing grovps also showed the "keratinous proliferation”
referred to non-tumor bearing aninmals in ®rtoups: wheve
tumors'wére found in other animals. ) )

.

- The occurrence of lung tumors in animals dosed by intubation is the most

definite indication of chemical carcinogenesis unrelated | to irritancy.
There is no reference to alteration of the cpithelium of the respiratocy
tract although the potential for divect juhalation Giposure does exfst if
the intubation ig not conducted carefully, ihere is no questicen there is a
dese reésponse, there 1g adenuate control data, znd group size is adequate
for evaluation,

As in the data on lurg tawors, (4 results reposied on skin tumors in groups
receiving hish lovedly  or p-LLTn'uIJJru?FfVUTHEﬁdB indicate a chemical
CALCTRCLON 1o noy s et lod e e Soain i Lere is the potintial
for skin cenfinination Lor st ous cotoevia Vikely thar the contaninant

1.
level would ha Eraat cnough to act as a v kin frritone,

The svielation siodics  are ciquivical on Lo brsis of lack of control

“ntoalg, There 1g 2100 sonna revcormahle danht xc-;;\'z!'ding the dese level




during the 30 minute crposure perjod. The JFwportance of the jrritation
cannot be ‘overemphasized. This inay be the mechanism for the carcinogenic
effect. Although a cancer is a cancer, if irritancy 1s a key element, there
is a definite cutoff or no effect 'level.  Also unaven expusure levels can
result in high, short temm peaks which cause the irritation so the reported
values may be well below the actval ‘effect level applied.

The data which most strongly indicates that BTC and PCALC are chemical.
carcinogens 1s the evidence of tumor development in lungs and skin after
oral intubation. This indicates absorbtion and effect at a ranote site, not
the site of application.

With the data from the new studies we are only slightly more advanced than

' we were with he sets of data ve reviewed previously. We do have additional

data to say that PCBTC and BTC are anfmal curcinogens and the BOC is not.

There is little on which to base ‘an cvaluation of the risks related to

occupational exposure, The inhalation studies have not been designed as the

standard subacute or chronic studies for occupational exposure, i.ée. 6 hours

per day, 5 days per week,

, . . : : ;

- One other weakness at the present time 1is the focus on one species, namely

the mouse. The mouse is sensitive tb halogenated hydrocarbons. Phether the

mouse is more. or Jess sensitive to the BTC's and BTF's cannot be determined

o until sonme testing is conducted on other species. Tt would be very help ful
. 1f some of ‘the inhalation work were #onducted on the rat and/or dog.

- 7 With the‘data‘available I have to conclude that BTC and PCBTC are carcin—
" ogens for the mouse by three routes of administration‘(oral, dermal and
_inhalation), and under the conditions of the tests conducted. The part that
i irritation plays in the carcinogenesis can't be defined at this time. A
zéffept/nb—effect threshold toncentration for chronic inhalation cannot " be
”dgtermined{f The‘ho—efféctlevél.byioral intubatiou~appears';gnke Approx-—
" imately t to 2 ul/kg/day for PCBTC and KTC. This break poiut in the studies
~ 4ppears to be about the same for bot? gastric and lung lesions.

" The ' last inhalation study "was conducted in 1979. It wmay bhe yorthvhile
~eontacting the Japanese researchers tfo sce what additicnal studies have been
ok dnditiated.  Also there are some key. questions which could be answered alout
'5:;”ﬂthe precient Inhalation work snch as: ! ’

1.  Vhat chamber Reasurements were made and when were they taken?

2. What was the variability during the tupasure periods?  What wvere
the peak cuxposure levels?

3. Vhat dis the Sponitineens tunor Soc e (Tv'?::fm:.w'c.'ﬂ) in the wice
(same species and rource) used ia the Inhalation study?

4. What 1s the PULity oF the test water ial?

ioreible that the Jarcnese or s ather resexrchers Liva

Tt im=y slso bn
Svritarion thpeohold Tovel for iahal=iieon O_f BTC. Thig

vetoreined  the
InToriation wourld help in vvaluatiug the 1ezalts,




, . o4

With the number of unansvered questions it . seens reasonable that the

producer/user companies could get together and develop a cooperative prograa
to generate some data and hopefully get some answers,

~%.. . %Z&a_,

Paul 0. Neeg
n ' ’ o Corporate Toxicologist

PON4 2Xbp
7/16/30
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Hiroyuki Yoshimura, Hiroo Katayama, Kazuo Takemoto and Shukaku Matsy:
Experimental studies by benzotrichloride of the lung tumor (2), Proc.

Japan Assoc. of Ind. Health pp. 332-333, 1979.
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TRANSLATION:

EXPERIMENTAL LUNG TUMORS INDUCED BY EXPOSURE TO
BENZOTRICHLORIDE

Yoshimura, H., H. Katayvama, K. Takemoto* and S. Matsushita**: Benzotorikurorido
bakuro ni yoru hai shuyo hassel jikken (I1). Proc. of Japan ‘ssoc. o” Ind.
Health, pp. 332-333, 1979,

Purpose of the Study

Experimental animals were exposed at room temperature to benzotrichloride,
a reaction intermediate in bLenzoyl chloride production process and a putative
agent of lung cancer among benzoyl chloride workers, and the histopathological
features of the animals were evaluated to investigate carcinogenicity of the
agent.  The results of the study are reported below. It should be added that
five cases of lung cancer have been reported zmwong benzoyl chloride workers in
Japen vp to 1977 (data by the Department of Labor).

Methods

Five-week-old ferale ICR-JCL mice were used as the experirental snizals.
The anirals were exposed to the agent for 30 minutes twice weekly for 12 moaths.
after the conclusion of the experirent, the animals were reared for an additjonal
12 or 15 nonths, at which time they were sacrificed. These aninals, to
with those which had succunbed carlier, were subjected to autopsyv, and histo-

pathological observations were made. They method of exposure is shown in the

a e

*Caitenma University Modical Scheol, Department of Public Health.

“ENationaltInstitute of Public Health, Tadustrial Medicine Laboratory,
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- —
I o(m . %) (a) 'e—- 3-
chamber wash bottle

Diagram showing the exposure apparatus,
Key: (a) animal,

diagr.m sbove. To illustrate this further, the procedure was conducted at room
temperature (20 * 5°C); and 0.5 ml of benzotrichloride was placed in a 600-ml
wash bottle, vaporized in air, and evenly distributed in the air within the
exposure chamber. The average concentration in the 30-minute period was 1.6
ppm (the concentration was determined by FID-GLC).

Results

The results of benzotrichloride expesure at room temperature.are summarized
in Table 1. Cancerous lesions (adenoma) were noted in mice which died 9 months
after the start of the experiment. Awong the animals whiech died by 12 months,
some had developed mild adenoid proliferation in the tracheal und major btronchial
epithelia (3/4), and others were found to have benign adencia (3/4, one had
adenoid proliferstion). Adenocarcinomas was found in cvne animal which died at

11 months. Tn the test of exposure at 50°C (reported at the 5lst Congress of

the Association), the incidence of lenkemoid lesions was 25% (8/32) at the con-

]

lusion of the experiment (10 months), while, in the present test, the incidence
enounted to 117 (4/37).
Ameng the animals cacrificed and autopsied at the end of the 12-month perind

(10 snimals), epithelial pro}liferstion of the trachea, bronelus, and rey sioal

bronchioli was recognized in all, and localized squarncus epithelialization in

7. Cancerous lesions were found in all the Jungs exanined.  Among these, talic ot




LUNG CANCER SKIN CHANGE

Table 1. Benzotrichloride at room temperature

Eplthellal- Lung tumor Skin lesions
. proliferation
Duration Rumber of | """~ I L
{moiiths) animals Lo
trachealpu'mo ?ry adenoma malignant| papilloma | cancer
bronchi
<12 10 (10)* 7 1 1 0
12 10 (0) 10 6 5 4 3 1
<15 8 (8) 3 3 0 0
15 9 (0) 9 9 2 5 2 3
Table 2. Benzotrichloride at 50°C
2 to 5 12 (12) 5 10 2 0 0 0
to 6 11 (4) 8 9 6 0 0 1
to._ 10 9 (1) 9 9 8 1 4 3
Table 3. Benzoyl chloride at 50°C
2 to 6 8 (1) 0 0 0 0 0 0
to 10 13 (3) 2 C 0 0 2 0
to 14 7 (1) 0 0 1 2 0 0

*( ) indicates the number of animals which died.
adenocarcinoma was found in 4, adenoma in 5, and adenoid proliferation in one.
Among the animals sacrificed at the end of 15 months (9 animals), all were
found to heve proliferation of the tracheal, bronchial, and terminal bronchiolar
epithelia.  In comparison with the lesions of the bronehial epithelia of the
animals sacrificed and studied at the end of 12 months, the 15-month group were

noled to have mere advanced squamous cpithelial proliferation (stratification),




and some had even developed epithelial keratinzation. .Three of these animals
had developed papilloma of the pulnonary bronchi. Cancerous lesions of the lung
were noted in almost all of these animals (8/9), 5 of which were found to be
adenocarcinoma.

S$kin lesions bagan to develop at about the 8th month. Papilloma was found
in one aniral which died in the 9th month, epidermoid carcinema in one.of those
sacrificed at the 12th month, and papilloma in 3, also sacrificed at the 12th
month. Among the animals sacrificed at the 15th month, tumorous lesions were
found in 56% (5/9). Three of these were epidermoid carcinoma. In the examina-
tion of other organs, the gastric muccsa was found to be mildly affected by
kératinization. Furthermore, many animals showed inflammatory lesions associated
with hypertrophy of organs such’as‘lymph nodes, liver, spleen, and kidney.

As sho&n in Table 3, benzoyl chloride exposure (at 50°C, for 30 miﬁ&%g;
twice weekly for 5 months, and reared without exposure thereafter) also resulted
in tumorovs pulmonary lesions in 3/7 of the animals in the 1l4th month. Among

these, two were found to have adenocarcinoma. Tt was found that benzoyl chloride

inhalation could also couse lung cancer.

Discussion

As indiczted by the results of the experiment, inhalaticn of benzotriechlorice

at room tenmperature (at a concentration of 1.6 ppm) can cause pulmonary tumors

(adenoma and adenocarcinoma). Furthermore, severe chronic bronchitis and bren-

chial pneumonia developed in all the experimental aznimals, indicating the stron:
Skin cancer was also discovered in the

bronchial drritability of the agent.

experimental animals, which indicated carcinogenicity of bhenzotrichloride upon

local cuntact.
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Benzotrichloride 15M.
Benzotrichloride 15M. Skin lesions Epidermoid carcinoma of the sk
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Kazuo Takemoto, Hiroyuki Yoshinura .nd Shukaku Matsushita: Fxperivent of
pulionary tumorgenicity of hmouuh]omde Proc. of 51st Annual lMeeting
of Japan Assoc. of Ind. Health, 1978. (pp. 514-515)
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JTRANSLATION:

EXPERIMENT OF PULMONARY TUMORGENICITY OF
BENZOTRICHLORIDE

Takemoto, K.*, H. Yoshirura# and S. Matsushita#*#, Benzotorikurorido bakuro ni
yoru hai shuyo hassei jikken. [Iroe. of 51st Annual lieeting of Japan Assoc. of
Ind. Health, pp. 514-515, 1978. :

Originality of the Present Study

Establishment of carciongenictiy of benzotrichloride in respiratory system
by localized exposure; pulmonary and skin tumors were induced in mice to confirm

the carcinogenic action of benzotrichloride by local contact.

Purpese of the Study

The incidence of iung cancer was recognized among workers who had been
¢xposed to a high concentration of substsnces related to benzoyl chloride. At
the present Congress, Matsushita et al. reported that the wain componcut of these
substances is benzotrichloride; its carcinogenicity was proven by their crperi-
ment (in which mouse skin was painted with the putative chemical), We have
conducted a test on benzotrichloride exposure and observed its histopathological

effects. The results are reported in the following.

Methods

Fivesveck-0ld ferale iCR mice were selected as the experimental anfmals.

“Saitama Medieal University, Departwment of Public Health.,

Mindustrial Medieine Researeh
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-The antials weré exposed to benzotrichlorida for 30 miﬁuteé twice weekly for

5 months. At the end of this time, the animals were reared without further

exposure, sacrificed, and subjected to autopsy 6 and 10 months after the start

of the experiment. Histopathological observations were made on these aniwals

together with those which succumbed during the experiment. For exposure, 0.5

ml of benzotrichloride vas placed in a 600-ml wash Bottle, stabilized én a water-

bath (50 * 5°C), vaporized in a dry atwosphere, and conducted into an acrylic

.chamber with a 100 g content. A small fan was attached to the chamber to dis-

tribute the gas evenly within,

The average concentration of benzotrichloriae amounted to 6.8 ppm thropghnut
the 30-minute test period. This concentration was found to be uniform throughout
the test period regardless of the loéations within the chamber.

In an acute toxicity test, benzotrichloride was beated to the boiling pgint

(220.7°C) and the animals vere exposed to the gas once. Benzoyl chloride expo-

sure test was also conducted in a similar manner to test its chronic effectrs,

Results

The results of benzotrichloride €xposure are summarized in the tulle. Mod-
erate adenoid hyperplasia was noted in part of the trachea and major bLronchi of
wice that expired at two months after the start of the experiment. Development
of benign 2dencons w35 found in those which expired in four months. Epithelial
proliferation of the trachea, bronchus, and broriehioli was manifested as mild
to intermediate adeneid proliferation in the majority of the animals that expired
by the end of five months. Mild sqoamons cpithelialization was aleo uotoed in
some.  Awong the animals which succunbed by the fifth month, 507 (6/12) were

affected by pPara-leukemia and lenkenmia, while the incidence of leukemia wos aalv




i '
THE RESULT OF BENZOTRICHLORIDE EXPOSURE.

Epithelial ot s
liferati Skin
- proiiteration Pulmonary Paraleukemia
Period No. R B | , .
- tumor and leukemia
trachea puluonary papi cancer
““ibronchi gee ’
2-5 7 (7)* 2 5 1 0 0
' : 6/12
5 5 (5) 3 5 1 0 0
6 11 (4) 8 9 6 0 1
2/20
9 9 9 4 3

10 9 (1)

*( ) indicates number of animals which died.

.
10% (2/20) among those which died after the initial five mqnths or were sacrificed
at the end of the experiment. All animals hLad hypertrophy of the thymus, lymph
nodes, and spleen, suggesting invasiveness of  the condition to other organs.
fwmong the animals that died early in the experiment, the effects of the leukemic
condition were more pronounced, Adenoid proliferation of the tracheal and intra-
pulmoﬁary Bronchigl epithelia was found in 211 the animals sacrificed at the end
of six mgntgs (7 animals), and partial squamous cell epithelialization in 5 [out
of 7] animals. Lung tumors (benign adenoma) had deveiopcd in 4 animals, one of
which also had squamous cell carcinoma of the skin. Awmong the animals sacrificed
at the end of ten months, all (8/8) were found té have developed adenoid pro-—
liferation of the tracheal and intrapulwmonary bronchial epithelia and 2 had
devoloped papilloma of the intra-pulmonary brenchi. Pulrmonary tumors were found
in all the animzls. One was a@enpcarcinomas with malignant histological features.
All benign tumors were In mult Iple dncidences.  Amony the dermal lesicas, 3 indi-
/

. . . I T T ST
cated development of sguamcus cel1l carcincaa and 4 had papilloma. In observations

on the involvment of other organs, wild kerastoeyte proltiferation of the stomach




|
|

was noted in several. The majority of the spleens showed inflgimatory changes.

—_

N,

e
- In the benzoyl chloride exposure test conducted simultunecusly, all 20

| animals were free of lung cancer. The lesions of the trachea and intra-pulmenary

bronchi vere limited to wild adenoid proliferation in 2 out of 10 animals which

were sacrificed at the end of ten months. Evidently, carcinogenicity of benzo-—
; trichloride is much more potent. As indicated in thé study by }btsushita et al;,
by coating the skin, the causative agent of lung cancer among the workérs exposed
L, to benzoyl chloride was concluded to be benzotrichloride.

In the acute experiment, the bronchi were characterized by loss of cilia,

enlargement of the epithelial cells, and marked infilatration of inflammatory

cells at the end of 24 hours after exposure. The pulmonary tissues were marked

the dominant presence of cosinophils. After a lapse

by extensive alveolitis with

of one week, the bronchioli were characterized by losses of cilia and columnar

and goblet cells and proliferation of cells with a mild atypia in 2 or 3 epithe-

lial layers.

After a lapse of two weeks, cilia and columnar and goblet cells 41l pro-

lapsed, and moest of the bronchial epithelium was marked by the prescace of bLroal

cells only. However, some cells appeared in 3 or 4 layers, indicating the pos—

sible development of epithelial regeneration within two weeks following exposure.

Discuus

P
i
Ee

.on

The above test results indicated that inhalation of benzotrichloride causes

epithelial proliferation of the trachea ond hronchi and multiple development of

adenomas in the puticnary parenchyia with walig.ant changes in part. 1t is ovi-

deat that benzotvichleride has a local carcinogenic effect on the respiratory

Lract.  TU wrs aleo foomd to bo carcivogenic to the skin.
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Karuo Fukuda, Shukaku ilatsushita and Kazuo Takemoto: Carcinogenecity of
orally administered benzotrichloride, Proc. of 51st Annual Meeting of
Japan Assoc. of Ind. Health, 1978. {pp. 516-517)
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TRANSLATTON::

CARCINOGENICITY OF ORALLY ADMINISTERED BENZOTRICHLORIDE

Fukuda, K.*, S. Matsushita* and K. Talenoto**: Benzotorikurorido no keiko
hatsugan. Proe. of 52st Aunual Meeting of Japan Assoc. of Ind. Health, pp.
516-517, 1978. -

Originality of the Present Study

Benzotrichloride, a causative agent of malignant tumors among benzoyl chlo-
ride workers, was given orally, and development of tumors was noted in almost
the entire body as well as the organ coming into direct contact with the test
agent. Furthermore, a so-called dose;response relationship was recognized between
the dosage snd the number of the tumor-bearing animals. It was believed that
the gastrointestinal tumers found in the previous test (in which the test agent
was peinted on the skin surface) were caused when the znimals ingested the agent.

Purpose of the Study

The spezkers have already repofted at the previous meeting that the putative
agent in the development of lung cancer azmong benzoyl chloride workers was benzo-
trichloride. Tn the szae study, incidences of gastrointestinal cancers were
noted in the test in which the test agent was painted un the skin of the animals.
It was presumed that the agent was somehow orally taken by the ecnimals. It was

projected that, upon changing the administration route, the pattern of distribu-

tion of tuwmors in sites other than the area of contact in the skin coating test

“Tndustrial Medicine Laboratory.,

s itama University Medical Sehool, Department of Tadustrial Health,




may also vary. For this reason, oral administration of benzotrichloride was

attempted.

Methods

iine~week-o0ld female ICR mice were selected as the experimental animals.
Forty anjinals were assigned to each group. 0.1 ml of sesame oil containing
2 p2 (Group A), 0.5 p2 (Group B), 0.125 pf (Group C), or 0.0315 ug (Group D)
[of benzotrichloride] was administered to each animal via a stomach tube. The
administration was scheduled twice weekly for 25 weeks (total, 50 times). After

a lapse of 18 months since the start of administration, the animals were sub-—

jected to autopsy, and histopathological observations were made.

Results

The results of the experiments are summarized in Table 1 and Figures 1 and

2. twong the primary tunors occurring in an organ, those with a higher Lalig-

pancy were entered in the table. Multiple tusors in a single individual were

'y

included individually in the count., The groups with higher desages had higher
mortality in a shorter time. Fifty percent vortality occurred in 6.5 wmoenths
(Group A) and 16.4 wonths (Group B). Fifty percent rortality had not been
reached by the 18th wonth in Groups € and D.

As is evident in the table znd figures, in Croup A, tumors occurred much
sooner than in the other groups. Tn general, tumors developed earlier in the
groups which received higher desages, indicating a so-called dose-response rela-

)

tionship between the desage and the Jde.eloprent of tumors.  The tumor that dovel-

oped carliest was thymoma, which zppeared within six menths in 20% of Group A

anienls (7/35) and in 5% of CGroup B znimals (2/40). Tts histolopical type was

3]




TABLE 1. TUMORS INDUCED IN ICR-SLC MICE FOLLOWING ORAL ADMINISTRATION OF
BENZOTRICHLORIDE.

°
o |® ul?orestomachly 4| 1 Syrin-{s5a1iv.| 2 Yo. of rnimals
A = g';‘ a" e £o3a ary §§ o ?,E £ with tumc;r(n
> Bl ElA g al o - |glema |~w&|gs] g (28 i
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Al 35 0 10 3%
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Bl 49 5 36/
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tonl| 40|35 ] 1ol 11 %s

1) Sq. cell ca. : Squamous cell carcinoma; 2) Ca. : Carcinoma.
3) Ad. : Adenoma; 4) Lung adenoma : Multiple adenoma only;

5) Carcinoma im situ in the forestomach was regarded as benign

tumor.
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Photograph 2. Adenocarcinoma of the

Photograph 1. Squamous cell carcin-
The animal succumbed

oma of the stomach of Group A. The Tung in Group A.
animal succumbed on the 160th dav, on the 192nd day.

N

limited to the lymphatic, but c¢pithelisl or mlixed types were absent.  The st

frequently seen tumor was squamous cell carcinoma of the forestomach, 1Its inci-

dence up to 12 months was 677 in Group A; and up to 18 wmonths, 557 in Croup B,
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Figure 1. Cumulative incidences Figure 2. Cumulative incidecnces of
of gastric and esophageal cancers. ptlmonary cancer.

5% in Group €, and 0% in Group D (the data do not include carcinoma 7 sTtu;

ref. Figure 1). Most of the metastases were of a lymphatic or seeding type,

but few were of a hematogenous type. Keratinous proliferation was recognized
even in the animals which were free of tumors. On the other hand, in the glandu-
lar stomach, hypertrophy of thg mucous membrane, atypical ademoia proliferation,
and epithelial proliferation were observed in a few, but no development of adcno-
carcinoma was recognized. The most frequently occurring cancers next to that
involving Fhe forestomach were adenocarcinoma and adenoma of the lung. No pul-
monary squamous cell carcinoma was discovered. The incidences of these tunors
are shown in Figure 2. fumors involving exocrine glands.such as sweat glands,
salivary glands, and lacrimal ducts developed in 10 (7%) out of 150 animals
trﬁa?cd. Endothelinma of the vessels supplying the liver was found in one ani-
nal. These prosent interesting problems.  No relationship was found between the

desages and the incidences of cxocrine gland tumors.

Discussion

Intragastric administration of benzotrichloride results in high inci-

? ~ oy Fad . . 1. v . . . N s
sences of cancer of the stonaech which comes in direet contact with the

I~




.agent. 'Esophageal and gastric cancer developing in the experiment in which

the skin was coated with the test agent were believed to be due to the licking

of the coated skin by the animals. As in the skin-coating test, lung cancer

was recognized in the present test, and its incidence was higher. The current
oral administvation also resulted in development of tumors involving the sweat
gland, salivary gland, and hepatic vascular endothelium, which were absent in

the skin-ccating test. In the exposure of mice to henzotrichloride in the inha-
lation test, lung and skin cancers and leukemia were recognized (Takemoto et al.,
reported at the present Congress). These findings serve to prove that benzotri-
chloride acts not only as a local, but slso as a systemic carcinogen. Together
Qith the fact that the metabolites of benzotrichloride act as mutagens, its car-
cinogenic action presents an interesting problem. Future studies on the analysis

of this problem are expected.




Kazuo Fukuda, Shukabu Pateuchit arid Kazuo Tobicuntor Carcinegonicir,
p-chloro- lmn?Oimf')]m ide {mL. pf Japan As<oc. of Ind. Health i
331, 1979,
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TRANSLATION:

CARCINOGENICITY OF P_"CH[.ORO*Bi'{NZO'I'RICHLORIDE .

Fukuda, K.*, g, Matsushita*® gnd K. Tikemotofnt, p-Kurero-benzotorijurorido

no hatsugansei,  Proeo, of Japeor Acaoe. of Ind. Tealth, pp. 330-331, 1979,

Purpose of the Study

A

The raw materials and Frodocts handled in the Lenzoyl chloride product ion
pProcess include toluence, b(‘n;’.:»(rir'h]nrido, Poutovl chloride, bhonsoic acid, and
chlorine gas. Carcinogenicity of benzatrichloride and benzoyl ehloride have

already bheen reported at previous sessions of this avsociation's congresses,

The reaction by-products and fmpurities associated with this production process

include substances such as benzyl chloride, lTeneal chloride, o~ and p—chloro-
bLIH’,O'"i.fJ'zijh-l()ri(](i, and o- ind r-chloyobenzal-chloride. Although there are varia-
tions In the extent of Chedr effocts, car Pioge ity of the first four substences

the carvcinoginicity

Fas already been tecopnioed by the ool Ay these
of p-ehlorobenco-t riehloride was Tooad (o be ceogarable to thar of bLenzotri- .
chloride when applicd to the <hin g fhee (table 1). 1In the pronent otudy, dts

carcinogenicity, as well as {lLe dose—-resnonse relationship, were further investi-

sated via the oral voure,

COTe o A Lo H -]w‘{pfv\_
FEIndustrisl MNedicine Fosvooreh Frod Ttote, National Poblie Yealth Tnstitule.

Foddoal Yiooenite. D Cartoaat o of Pablie Yoo tih.




N
Substance A B
dosage applied to the skin/application 5 pe
frequency of application/week 2
durarion of application (weeks) 30
number of animals 22 21
duration (months) 9.3
squamous cell carcinoma 12 9
o
e, sarcoma 2 1
9]
papilloma 2 4
lung cancer 1 3
]
> esophapeal cancer S 2
L
now cancer of the forestomach 2
[G )
£ » _
oy cancer of glondular stoimach 1
—TJ U) <2
leukemia 1
x

thymona 1 2

malignant 16 12

oW

| err";

o

o E eni ) 3
25 E benig

3 0 o

.2 n total 18 15

Hoethods

Eight-weck-old fomale JOR-SIC iice wore uscd. Thirty animals were
Po dach yronpe 0.1 0l of covnne wil containing 20 (Croup A), 0.8 3¢

0.32 4L (Croup ©)

bl

trichilomride wvas administered to edch anital via a ciosach tube.  The administra-

assigned

{(Group |

0,13 e (Group D), or 0,05 pe (Croup E) of p-chloro-benzo-

the

Crden o wrs sebdunTled twdieoe e iy cond Tt d oy V705 weeks (15 rimcs cver (he
test period). After 18 ronths follawing the initiation of the cxporinent,
T e oL oered o st nny T S s et iog of histopathologieal echang

o

3

)

M
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manTis

The results of the test are suwmarized in Tahle 2 and Fignres 1, 2 and 3.
Table 2 shows those with a higher malipnaney among primary tumors o% the same
orgasns.  Multiple tuwors in a single anjuwal are all iacluded in the count. The
cverage age Geenths) of affected animals includes those of the animals sacrificed
at the 13th nonth.  Fifty percent wortality occurred carliest in Group A (4.7
months), followed by Group B (12.3 months), while the mortalities of CGroups C
[to E] did not reach 50% even at the 18th month,  Tumors developed earliest also
in Group A (which reecived the highest desage) . Those developed carliest are
malignant lymphoma and thyimoma, with their incidences up to the 7th month follow-
ing the start of administrat ion being 387 (11/29) ‘n Group A and 10% (3/29) in
Croup B (Tigure 1 2nd Talle 2y, Conver of the stosneh where the test substance

come into divect contoot heean to develop o

Catt 1

proxitately 5 wonths after the start
of thie test,  The curulative incldence of this comcer is less than 25% in cach
provp (the data do not include thooe of coveinoma in =771, Figure 2). VWith tle

exception of a single fncidenee of differcntiated tubulir wdenocarcinosa in GCroup

2t of the fore-

E, 211 were c¢piderwoid cavcinoma. Ineldences of carcineun e

s [over 0.32 pe]. Papillo-

A
>

stomach were noted in the groups which vrceivid duorsng

matosis was noted to develop in all the groups (Table 2). Keratinization of the

forestomach cpithelium was wore marled in the sroups which received higher dos-—
LS. A Tow cnor ples of crvptoal i g we o found in the sroups which re-

codved Tower doacoes.  Fpitheling Lyporplosia, atypical adenoid proliferation,
and epiihelictieat ton of the o000ty <iomaeh were noted in a few animals.
Ty wen e oend b T T et T e, g Hicintonieal typ;s wire
Tiited to cdenovareinea ood o0 oa, with 4 v itual oheraee of any other his—
Lot o Tend te s, T cnie of Teed of St iple adenceniciromn and adenena
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TABLE 2. TUMORS INDUCED IN TCR MICE FOLLOWING ORAL AIMINISTRA-
TION OF p-CHLORC-BENZUTRICHLORIDE.

w
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1) Average months in age of affected animals after the trecat-
ment. 2) Sq. cell ca.: Squamous cell carcinoma. 3) Sq. cell
ca. 4) Spindle cell carcinoma. 5) Sebaccous gland carcinoma.

6) Mammary adenocarcinoma. 7) One case of car canal sq. cell

ca. Two cases of salivary gland adenocarcineoma.  8) Ovary
glanulosa cell tumor. 9) Ca. 771 situ in the stomach was regarded
as benign tuwor in this case. '
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Figure 1. Cumuldtive Figure 2, Cumnlative Fizure 3. Cumulative
incidences of malignant incidences of stomach incidences of lung

yophera aod thynomna, Coneor, CATCOT .
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Pl

wotograph 1. Squamons oell ear- Photoeyaph 2.0 Adenocarcinoma of the
cincma of the forestomsch of Croup glenalar stomach of Group E (the ani-—
A (the animal died in 6.2 ot his), mal died in 17.7 saonths).

containing advnocarcivema at the center was voted.  The inridenres up to the
18th month were higher in the groups receiving higher cencentrations of the
test substance (excluding Group A) (Figure 3). TIncidences of skin cancer (squa-
mous cell cnrcinufa, sarcoma, and adenocarcinoma), mammary cancer, and salivary

gland cancer were also noted.

Conclusion

Intra~-gosiric adminiatyation of pchlore-henzotvictiloride produced --

besides cancer of the stonach wivre the test chemical comes into direct contact

with the tilsue —— 5 velat iveoly wide variviy of tumors, such as lymphatic tumors

and lung cancer, wien comparod with ditect cppltication to the skin. The dosages

L

and tiie nwaber of funer- b artag ol ls e studied; and a so-called dose-

Yeeritne 1ol TDowas g aisead, e Potiernel toror focidence was gen—

erally similar to that in ovs L cdeinictration of benzotrichloride. The rate

of »hzcrption snd speed of 1Ll alysis of the piesont test acent may be slightly

ST Tereat from these of Lo, LT e Tt (e coceines nicity of the two

“unetances 45 beldeved to



